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The History of Wind Technology in Denmark
by James D. Iversen
Introduction

Wind-a phenomenon we do not always understand or pay much
attention to, perhaps because we cannot see it, only its effects. And
its effects can be devastating, such as the terrible destruction due to
Hurricanes Katrina and Rita in the United States in August and
September, 2005. As a member of the American Association for
Wind Engineering, I am aware of that organization's attempts to
influence local government agencies in the southeastern coastal
areas of the United States in the improvement of building codes so
that buildings can better withstand the destructive power of the
wind.
My interest in wind and its effects began when I was a young
engineering faculty member at Iowa State University (ISU) in the
mid-1960s. The opportunity arose to test in the ISU wind tunnel a
scale model of an architectural design for the proposed coliseum to
be built on campus. The first step was a visit to the ISU library to see
if anyone else had ever done such a thing, and to my surprise, I
discovered that most of the literature on the subject was from
Denmark, some in the Danish language and some important enough
to have been translated into English.
Upon some reflection, perhaps it is not too surprising that the
early pioneers in the field now called "Wind Engineering" were
Danes. At times, Denmark can be a windy place. The Jutland
peninsula and accompanying islands protrude out into the North
Sea from the north coast of mainland Europe to meet the wind,
which sweeps across the sea unchecked by any natural obstacles
such as a mountain range or broad forest expanse.
Wind is an important factor in the lives of the people of Denmark.
Because of the effects of wind on climate, vegetation, and man-made
structures, and its potential for the generation of energy, the wind
has long been a subject of study by scientists and engineers in
Denmark. Although damaging wind storms are not as frequent
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there as the hurricanes and tornadoes that we experience in the
United States, there can be such storms, and one of the most
destructive occurred just a few years ago on December 3, 1999, when
wind gusts of up to 137 mph were measured on the westward island
of R0m0, just off the coast of southern Jutland. Seven people were
killed in Denmark during that one storm and insurance claims
totaled 8.5 billion Danish kroner (approx. 1 billion $US).
There are significant geological features in Denmark that are due
to the wind. For example, there are many square miles of sand
dunes along the west coast of Denmark, including the large features
of Rubjerg Knude and Rabjerg Mile in the northern part of Jutland.
A recent interesting account of the effects of wind erosion control (or
the lack thereof) documents the recent changes that have occurred at
Rubjerg Knude. 1 One of the noteworthy landmarks is the church
that was buried by sand in the nineteenth century (Den tilsandede
kirke), near the northern tip of Jutland at Skagen. There also are
several inland dune fields or landscapes influenced by drifting sand
in Jutland, in addition to the coastal dunes. Recent research on
climate evolution indicates that there have been several dunebuilding periods during the Pleistocene2 •
Because of the presence of the wind, the utilization of the wind for
the production of energy has a long history in Denmark. The first
mention in print of the windmill in Denmark is a reference to a
postmill [stubbemelle] in the year 1260. The first Dutch-type
windmill (for which only top of the mill is turned into the wind) was
introduced into Denmark by King Christian IV.
Technological Advances in the Nineteenth Century
It is just a little more than 100 years since the Wright Brothers made
their epic flight over the sand dunes at Kitty Hawk, North Carolina.
Most of the preliminary achievements prior to their flight occurred
in the nineteenth century: for example, the invention of the internal
combustion engine and the contributions by others before the
Wright brothers, such as Otto Lilienthal and Octave Chanute. What
is not generally known is that some people at the time blamed the
great mathematician Sir Isaac Newton for a delay in the advent of
flight. As part of his work in the application of mathematics to the
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solution of physical problems, he had attempted to predict the forces
on an object as it travels through the air. In this particular case, he
made an assumption about the flow of air about an obstacle, which
was later proved to be incorrect, and the result of this assumption is
that he predicted a much smaller lift force on a wing than actually
occurs.
The Danish engineer and mathematician Henrik Christian Vogt
(1848-1928) became interested in bird flight during a trip around the
world in 1877, as he watched the birds soaring around the ship on
which he was a passenger. He worked for a time in England before
returning to Denmark and becoming a member of the English
Aeronautics Club. He worked on the theory of lift on a wing, and he
became convinced that Newton was wrong. 3 He wrote to the
Smithsonian's Samuel Langley, for example, and Langley answered
back that such a great mathematician as Newton couldn't be wrong.
Vogt became well enough known that he was invited to the
Aeronautical Congress in Chicago in 1893.
Vogt finally decided that he needed to perform an experiment in
order to prove his theory, so he enlisted the assistance of his friend,
Johannes O.V. Irminger (1848-1938), who was director of the Eastern
Gas Works in Copenhagen. The Eastern Gas Works had a very large
chimney, into the side of which Irminger cut an opening and built on
to it his first wind tunnel. The year was 1893, eight years before the
Wright brothers built their wind tunnel. This was not the world's
first wind tunnel, however. Francis Wenham (in the year 1871) and
H.F. Phillips (in the1880s) had built wind tunnels in England, but
Irminger' s was the first in Denmark, and he started a long history of
wind tunnel testing in Denmark that continues to this day. It was
Phillips, in fact, who had suggested to Vogt that he prove his theory
by testing an airfoil in a wind tunnel.
Irminger' s wind tunnel consisted of a horizontal rectangular tube,
40 inches long and with a 9 inch by 4.5 inch cross section. Powered
by the draft of the chimney, it was capable of wind speeds up to
about 33 mph. Irminger quickly learned how to measure the
pressure distribution on the surface of a wind tunnel model. He
built a model of a wing to Vogt's specifications and became the first
in the world to measure the pressure distribution on an airfoil,
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proving in the process that Vogt was right, and Newton was wrong.
Irminger published his work in English in 1894. 4
Technological Advances in the Twentieth Century
Some years after retiring from his job at the Eastern Gas Works,
Irminger built his second wind tunnel in the 1920s. It was much
larger than the first, and he enlisted the assistance of Professor
Christian N0kkentved of the Danish Technical College. Irminger
had become interested in the pressure distribution on buildings in
the presence of wind, and he and Professor N0kkentved went on to
publish the results of the first comprehensive sets of wind
experiments on buildings in the 1930s.5 Irminger continued to work
on building aerodynamics until just a few months before his death in
1938 at the age of 90.
It is interesting to note the close relationships among the people
who were advancing the state of the technological art that is now
known as "wind engineering." Henrik C. Vogt was responsible for
getting J.O.V. Irminger interested in aerodynamics in the 1890s.
Irminger, in tum, started working with Professor Christian
N0kkentved in the 1920s, and that collaboration lasted throughout
most of the 1930s.
N0kkentved started working with the
aerodynamics of snow fences and shelter belts6 in the late 1930s, and
he enlisted the help during that time of engineering student Martin
Jensen.
Martin Jensen (1914-1991) became an extremely clever and capable
scientist-engineer, and his contributions are so significant and well
known that he became known worldwide as the "Father of Wind
Engineering."
The work by N0kkentved and Jensen was
interrupted by the occupation of Denmark by the Nazis in World
War II, but immediately after the war, Jensen started work on a long
series of experiments, both in nature and in the wind tunnel. He
recognized very early the need to duplicate the characteristics of the
natural wind when working at small scale in the wind tunnel
laboratory, and he eventually discovered that the way to do this was
to build a very long wind tunnel and then model the surface
roughness to scale as far upwind of the model as possible. The
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model can represent a snow fence or building or some other
obstruction to the wind. 7

Modem Wind Engineering
Martin Jensen's work forms the basis for a number of laboratories
around the world today (including several in North America), which
specialize in modeling the atmospheric boundary layer (wind and
turbulent layer nearest the surface). The primary laboratory for this
work in Scandinavia today is the wind engineering research
laboratory of the Danish Maritime Institute, located in the northern
Copenhagen suburb of Lyngby. This laboratory uses three wind
tunnels (1. cross-section 0.8 m x 0.8 m, 80 m/s; 2. cross-section 2.6 m x
1.8 m, 25 m/s; 3. cross-section 13 m x 1.7 m, 8 m/s). (The first of these
wind tunnels was the only one in existence when this writer spent a
very enjoyable eight months on sabbatical at the laboratory. 8) Jensen
assisted in the design of the new Little Belt Bridge (Den ny
Lillebreltsbro), completed in 1971.
The effect of the wind is extremely important in the design of
suspension bridges. The newest suspension bridge in Denmark, the
Great Belt Bridge (Storebreltsbroen), and the bridge across the Sound
between Denmark and Sweden (0resundsbroen), were each tested
extensively in both the second and third wind tunnels at the Danish
Maritime Institute. Allan Larsen was one of the primary
aerodynamicists who contributed to the design of the two newest
bridges. 9 Bridges built or being built in other countries also are
being tested in this laboratory.
The meteorological study of the atmospheric boundary layer is
today called micrometeorology, and there is a large research group
at the Ris0 National Laboratory, which has studied the boundary
layer for many years. Niels Busch and Niels Otto Jensen are two of
the better-known people in this area .1°
Wind-blown Sand and Soil
The soil in the western two-thirds of the Jutland Peninsula is very
sandy and subject to considerable wind erosion, even in the damp
Danish climate. Reclamation of the heath land in western Jutland
intensified after the war of 1864, because of the loss of the Duchies of
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Schleswig and Holstein. The resultant problem of wind erosion was,
of course, the motivation for the wind tunnel experiments of
N0kkentved 11 and Martin Jensen12 who studied the aerodynamics of
shelter. More recently, interest in the physics of sand and soil
movement has been led by a group of scientists at the University of
Aarhus in Denmark led by geologists Jens Tyge M0ller13 and Keld
Remer Rasmussen. The writer has been fortunate enough to work
with these people, primarily with Rasmussen. 14 Keld Rasmussen
invented and built a tilting wind tunnel, the only one of its kind, and
some significant research has been conducted in this wind tunnel on
the effect of slope on sand transport. 15 Rasmussen and Michael
S0rensen of the University of Copenhagen are continuing a
collaborative effort combining the effects of theory and experiment
to further understand and predict the effects of wind on sand
movement and soil erosion. 16
Wind Energy
Poul la Cour (1846-1908) was one of the first scientists to tackle the
problem of extracting electrical energy from the wind. Born in
Aarhus, he was educated in meteorology, and after some time in that
field, in 1878 he was hired to become a teacher of science at Askov
Folkeh0jskol. He was one of the few Danes who was interested in
the work of Vogt and Irminger, and he began to study the wind
turbine from a technical standpoint. He was an inventor, and his
work with early electrical instruments earned him the unofficial title
as "Denmark's Edison." His first electricity-generating windmill
was finished in 1891, and in 1897 he built the world's first wind
tunnel designed for the purpose of testing windmill designs.17 He is
known by some as "The Father of Wind Energy." Mostly because of
his work, wind generators became fairly common in Denmark in the
early part of the twentieth century. One of his students, Johannes
Juul, was the designer of the world's first AC (alternating current)
wind turbine at Vester Egesborg in the 1950s. Juul designed the 200
kW wind turbine at Gedser, which was built in 1956-7. This turbine
was later refurbished in 1975 at the request of NASA, which wanted
test results for the U.S. wind energy program. That wind turbine is
now on display at the Electricity Museum at Bjerringbro, Denmark. 18
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Denmark today is one of the world's primary producers of wind
energy and wind energy devices. In the year 2000, there were
approximately 6,000 electrical generating wind turbines in Denmark.
The Danish wind energy industry is among the world's largest. A
significant portion of the present global total of almost 40,000 MW
wind energy capacity has been provided by the Danish wind energy
companies Vestas and NEG Micon. The efforts of those early
pioneers in wind technology-Le., Vogt, Irminger, la Cour,
N0kkentved, Jensen, and others-have certainly reaped dividends
for Denmark and the Danes.
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Note: In addition to the numbered endnotes, the author cites the following:
Anon. Article in honor of Christian N0kkentved's 50 th birthday anniversary,
Politken, December 3, 1942, presented to the author by N0kkentved' s
grandson, Nikolai Schousboe.
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